We report herein a simple and efficient two-step synthetic approach to new 2-trichloromethylquinazolines possessing a variously substituted sulfonamide group at position 4 used to prepare new quinazolines with antiparasitic properties. Thus, an original series of 20 derivatives was synthesized, which proved to be less-toxic than previously synthesized hits on the human HepG2 cell line, but did not display significant antiplasmodial activity. A brief Structure-Activity Relationship (SAR) evaluation shows that a more restricted conformational freedom is probably necessary for providing antiplasmodial activity.
Introduction
The quinazoline ring is an important molecular scaffold whose derivatives display a wide variety of pharmacological properties. Indeed, they were used as potent tyrosine kinase and cellular phosphorylation inhibitors [1] , and they also act as ligands of benzodiazepine and GABA receptors in the central nervous system (CNS) [2] or as DNA binders [3] . Some of them exhibit remarkable activity as anticancer [4] [5] [6] , antiviral [6] [7] [8] , antibacterial [9] and anti-TB agents [10, 11] . Moreover, popular drugs containing the quinazoline unit are available on the market. For example, erlotinib and gefitinib are used as epidermal growth factor receptor inhibitors in the treatment of several types of tumors [12] , especially lung cancer [13, 14] . In the other hand, prazosin acts as an α-adrenergic blocker and is used to treat high blood pressure [15] . In continuation of our research program centered on the design and synthesis of original molecules with pharmacological properties [16] [17] [18] [19] , our group recently described the preparation of new 4-substituted-2-trichloromethylquinazoline derivatives which exhibit original in vitro antiplasmodial properties [20] [21] [22] [23] [24] . The promising results displayed by these recent studies prompted us to synthesize new derivatives in this 2-trichloromethylquinazoline series in order to identify both more potent antiplasmodial derivatives and less toxic ones, in order to increase the selectivity index (SI). With this objective, we focused on the synthesis of N-(quinazolin-4-yl)benzenesulfonamides, taking into account that the sulfonamide group is well-known for its pharmaceutical interest in the field of anti-infectious substances.
Results and Discussion

Synthesis
Earlier works described the synthesis of N-(quinazolin-4-yl)benzenesulfonamides by nucleophilic substitution of 4-methoxyquinazoline by the sulfanilamide anion [9] , by the construction of the quinazoline core from N-arylimidines and N-tosylisocyanodichloride [25] or by reacting p-toluenesulfonylisothiocyanate with 2-arylquinazoline-4(3H)-thione [26] .
More recent publications report the access to these sulfonamides from the readily available 4-chloroquinazoline derivatives. Aryl-sulfonamides 2 in the presence of bases such as sodium hydride or potassium t-butoxide underwent nucleophilic substitution of 4-chloroquinazoline 1 and afforded the desired compound 3 in limited yields [27, 28] (Scheme 1).
It is worth mentioning that this reaction was never attempted starting from 4-chloro-2-trichloromethylquinazoline [29] . Although the yields obtained with this strategy remained low, we tried to perform this reaction using p-toluenesulfonamide. Unfortunately, in our hands, whatever the operating conditions applied only traces of product were detected with LC-MS (Scheme 2). Facing these failures, we chose to reverse the strategy by reacting readily available sulfonyl chlorides with 4-amino-2-trichloromethylquinazoline (7). We therefore investigated first of all the optimal synthesis of the key intermediate derivative 7 (Scheme 3).
Scheme 3.
Synthesis of 4-amino-2-trichloromethylquinazoline (7) . The reaction of 4-chloro-2-trichloromethylquinazoline (4) with 25% aqueous ammonium hydroxide led to the predominant formation of 2-trichloromethylquinazolin-4(3H)-one [23] accompanied by traces of the expected amino derivative 7, so it appeared that it was necessary to operate under anhydrous conditions to prevent hydrolysis. Thus, the use of a solution of 2N ammonia in dry methanol afforded the expected amino derivative 7 in 71% yield after 24 h at room temperature. Increasing the time of the reaction up to 72 h increased the yield to 91% (Method A), while elevating the temperature with a view to shortening reaction time was detrimental and led mainly to the formation of 4-methoxy-2-trichloromethylquinazoline. In order to prevent this side reaction, due to the nucleophilic character of methanol, the amination must be conducted in a solvent inert towards the starting material 4. In order to shorten the reaction time we investigated the benefit of using sealed vials under microwave irradiation. Thus, under such conditions, the use of ammonia in dioxane (0.5 M, 3 equiv.) afforded 7 in only 44% yield at 140 °C. Finally, we found that heating 4 under the same conditions in THF (0.4 M, 3 equiv.) led to 7 in quantitative yield after only 15 min (Method B) which is not surprising given the known ability of THF to absorb microwaves.
Having secured good access to this key intermediate 4-amino-2-trichloromethylquinazoline (7), we next synthesized the target sulfonamides using variously substituted sulfonyl chlorides (Scheme 4) with a view to further study the influence of the substituent nature on the biological properties. Amino derivative 7 was reacted with an excess of sodium hydride in THF. The so-formed anion was then trapped with sulfonyl chloride. The resulting sulfonamides 8 were thus obtained in good yields (Table 1) without requiring any chromatographic purification (except for compound 8t). 6.0 a Doxorubicine was used as a cytotoxic reference-drug; b chloroquinine and doxycycline were used as antimalarial reference-drugs; * Tested compounds did not show significant antiplasmodial activity at the highest tested concentration (10 µM).
Our efficient two-step methodology afforded the expected compounds in a 50-100% range yield except for the biphenyl-4-yl-, napht-2-yl, thiophen-2-yl and the methyl derivatives (compounds 8p, 8q, 8s and 8t, respectively, entries 16, 17, 19 and 20) which were not obtained from simple benzenesulfonyl chlorides. One the one hand, the electron withdrawing or donating character of the substituent of benzenesulfonyl chlorides did not affect appear to notably the reaction yield. However, entries 4, 10, 13 and 14 corresponding to electron withdrawing groups are the ones which gave the best yields. On the other hand, the lowest reaction yields are attributable to the purification process (namely the high solubility of molecules 8p-t in CH 2 Cl 2 ).
Biological Evaluation and Structure-Activity Relationship (SAR) Study
Following previously reported experimental procedures [22, 23] , the in vitro antiplasmodial activity toward the multi-resistant W2 or K1 Plasmodium falciparum strains was measured by determining the IC 50 (inhibition concentration 50% in µM) and comparing them with two commercial reference-drugs: chloroquine and doxycycline. The cytotoxicity was measured toward the human HepG2 cell line by determining the CC 50 (cytotoxic concentration 50% in µM) and comparing them with doxorubicine used as a cytotoxic reference-drug. Concerning the biological evaluation, this series showed excellent solubility in biological media, contrary to the 4-thiophenoxy-series [22] whose cytotoxic evaluation was limited by a lack of solubility (Table 2, entry 4). Table 2 . Antiplasmodial and cytotoxicity evaluation in 2-trichloromethylquinazoline series. Unfortunately, contrary to the previously synthesized series ( Table 2 , entries 1-4), the sulfonamide derivatives (Table 1 and Table 2 , entry 5) did not display significant antiplasmodial activity with IC 50 values >10 µM. The Structure-Activity Relationship study seems to indicate that the introduction of a sulfonamide group at position 4 of the quinazoline ring leads to a larger gap between the phenyl substituent and the quinazoline ring. This structural change added a more important conformational freedom and reduced antiplasmodial activity. The most potent antiplasmodial molecule previously synthesized ( Table 2 , entry 2) displayed slight cytotoxicity (16 µM) on the HepG2 human cell line which limits its selectivity index to 40. Concerning the sulfonamide derivatives, apart from the biphenyl derivative 8p (Table 1) , this series appeared less-toxic than previously synthesized hits on the same cell line.
Entry
Thus, taking advantage of this brief SAR evaluation, two new 4-substituted quinazoline series presenting a more restricted conformational freedom (Figure 1 ) could be prepared by using the synthetic approach presented herein, in order to identify new antiplasmodial hits. The chromatographic analysis, total duration of 8 min, is made with the gradient of following solvents: t = 0 min, water/methanol 50/50; 0 < t < 4 min, linear increase in the proportion of water to a ratio water/methanol 95/5; 4 < t < 6 min, water/methanol 95/5; 6 < t < 7 min, linear decrease in the proportion of water to return to a ratio 50/50 water/methanol; 6 < t < 7 min, water/methanol 50/50. The water used was buffered with 5 mM ammonium acetate. The retention times (Tr) of the molecules analyzed are indicated in min. The microwave reactions were performed using a Biotage Initiator Microwave oven using 10-20 mL sealed vials; temperatures were measured with an IR-sensor and reaction times given as hold times. The preparation of 4-chloro-2-trichloromethylquinazoline (4) was achieved as described in the literature [29] .
Preparation of 4-Amino-2-trichloromethylquinazoline (7)
Method (A) To a stirred solution of 4-chloro-2-trichloromethylquinazoline (4, 2.0 g, 7.1 mmol) in dry THF (10 mL) under nitrogen at rt, was added ammonia solution in methanol (2.0 M, 10.6 mL, 21.3 mmol, 3 equiv.). The resulting mixture was stirred at this temperature for 3 days, and then, the volatiles were removed under vacuum. The residue was triturated with dichloromethane and filtered to give 7 as a white solid (1.7 g, 91%).
Method (B)
In a microwave vial equipped with a magnetic stir bar, 4-chloro-2-trichloromethylquinazoline (4, 700 mg, 2.48 mmol) and ammonia solution in THF (0.4 M, 18.6 mL, 7.45 mmol, 3 equiv.). The vial was capped and the suspension was then heated at 140 °C for 15 min (8 bar). The volatiles were removed under vacuum. The residue was poured into EtOAc (100 mL) and extracted two times with brine (30 mL). The organic layer was dried with Na 2 SO 4 , filtered and evaporated to afford 2 as white solid (650 mg, 100% 
General Procedure for the Preparation of Compounds 8a to 8t
To a slurry of 60% sodium hydride in oil (152 mg, 3.81 mmol, 5 equiv.) in dry THF (4 mL) at 0 °C was slowly added 4-amino-2-trichloromethylquinazoline (7, 200 mg, 0.76 mmol, 1 equiv.). After 30 min of stirring at rt, the mixture was cooled again and the appropriate sulfonyl chloride (1.52 mmol, 2 equiv.) was added portionwise. After this addition, the reaction was then stirred at rt until the disappearance of starting material. The excess of NaH was hydrolyzed with ice at 0 °C. The mixture was extracted with EtOAc and washed three times with brine. The organic layer was dried with Na 2 SO 4 , filtered and evaporated. The crude residue was triturated in dichloromethane and filtered to give the corresponding sulfonamide 8. 
N-(2-Trichloromethylquinazolin-4-yl)benzenesulfonamide (8a). White solid (62%
4-Methyl-N-(2-trichloromethylquinazolin-4-yl)benzenesulfonamide (8b). White solid (51%).
M.p. > 260 °C. Bromo-N-(2-trichloromethylquinazolin-4-yl) benzenesulfonamide (8f). White solid (60%). M.p. > 260 °C. 
4-Methoxy-N-(2-trichloromethylquinazolin-4-yl)benzenesulfonamide (8c). White solid (56%
4-Cyano-N-(2-trichloromethylquinazolin-4-yl)benzenesulfonamide (8d). Beige solid (73%
4-Chloro-N-(2-trichloromethylquinazolin-4-yl)benzenesulfonamide (8e). White solid (50%
4-
3-Fluoro-N-(2-trichloromethylquinazolin-4-yl)benzenesulfonamide (8h). White solid (53%
3-Nitro-N-(2-trichloromethylquinazolin-4-yl)benzenesulfonamide (8k
Conclusions
A series of 20 quinazolines was synthetized by an efficient two-step strategy. Firstly, 4-amino-2-trichloromethylquinazoline (7) was prepared in quantitative yield from the corresponding 4-chloro derivative under microwave irradiation. Then, the key amino intermediate 7 was reacted with various sulfonyl chlorides in the presence of NaH, leading to the expected sulfonamides 8. Synthesized compounds were highly soluble in biological media, less-toxic toward the human HepG2 cell line than previously identified hits but did not display significant in vitro antiplasmodial activity.
